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PULLEY WIDTH ADJUSTING DEVICE FOR 
CONTINUOUSLY WARIABLE 

TRANSMISSION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation Application of PCT Application 
No. PCT/JP02/11436, filed Nov. 1, 2002, which was not 
published under PCT Article 21(2) in English. 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2001 
338129, filed Nov. 2, 2001, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pulley width adjusting 
device for a belt-type continuously variable transmission 
used for automobiles, industrial machines and the like. 

2. Description of the Related Art 
Belt-type continuously variable transmissions are used in 

Some automobiles, industrial machines and the like. Each 
belt-type continuously variable transmission includes a pull 
ley provided on a rotation shaft on a driving side (primal 
pulley), another pulley provided on a rotation shaft on a 
driven Side (Secondary pulley) and an endless belt that is put 
acroSS these pulleys. 

Each of the above-described pulleys includes a fixed 
pulley disk that is faced to the rotation shaft and a movable 
pulley disk. The fixed pulley disk is integrated with the 
rotation shaft. The movable pulley disk is formed non 
rotatable with regard to the rotation shaft but movable in the 
axial direction. The movable pulley disk is moved in the 
axial direction of the rotation shaft by an actuator. AS it is 
moved, the distance between the fixed pulley disk and the 
movable pulley disk, that is, the pulley width, is changed. 

In order to change the rotation Speed rate between the 
rotation shaft on the driving Side and that of the driven Side, 
the pulley width on the driving side and the pulley width on 
the driven Side are changed Synchronously in directions 
opposite to each other. For example, in the case where the 
Secondary pulley is changed in an accelerating Side, the 
pulley width of the primary pulley is narrowed and the 
pulley width of the secondary pulley is widened. In this 
manner, the endless belt is moved to the Outer circumferen 
tial side of the primary pulley and the endless belt is moved 
to the central portion of the Secondary pulley. 
A ball Screw mechanism is used as a means for moving 

the movable pulley disk in the axial direction of the rotation 
shaft. The ball Screw mechanism includes a Screw cylinder 
provided on an outer circumference of the rotation shaft and 
a nut member engaged with the outer circumference of the 
screw cylinder via a plurality of balls. Each ball is contained 
between a Screw groove formed in the outer circumference 
of the Screw cylinder and a Screw groove formed in an inner 
circumference of the nut member. The screw cylinder is 
fixed to a transmission case for use as a Supporting member. 
The nut member is rotatable with respect to the movable 
pulley disk and movable in the axial direction of the rotation 
shaft together with the movable pulley disk. 
When the nut member is rotated by a driving source such 

as a motor, the nut member is moved in the axial direction 
of the rotation shaft together with the movable pulley disk. 
As it is moved so, the pulley width between the movable 
pulley disk and the fixed pulley disk is changed. 
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2 
The Screw cylinder is placed via a bearing on the outer 

circumference of the rotation shaft to be coaxially therewith. 
An end portion of the Screw cylinder is inserted with a 
preSSure to a receSS portion made in the transmission case 
together with the bearing. By this insertion with pressure, 
the Screw cylinder is fixed to the transmission case. The 
rotation shaft that runs through an inner Side of the Screw 
cylinder can be rotated via the bearing. 
AS described above, the conventional technique has Such 

a Structure that an end portion of the Screw cylinder is 
pushed into the receSS portion formed in the transmission 
case. For this Structure, a fit margin must be provided at the 
end portion of the screw cylinder for press-fit. Therefore, the 
Structure of the Screw cylinder becomes complicated and the 
Size increases, which results in the increase in the production 
cost. Further, the screw cylinder must be inserted with a 
preSSure into the receSS portion together with the bearing 
while the end portion of the screw cylinder is combined with 
the bearing. Therefore, the assembly operation is laborious, 
and thus the assembly efficiency is undesirably decreased. 

Accordingly, the object of the present invention is to 
provide a pulley width adjusting device for a continuously 
variable transmission, having a simple Structure that can 
easily fix a Screw cylinder to a Support member Such as a 
transmission case at a high efficiency. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is 
provided a pulley width adjusting device for a continuously 
variable transmission, comprising: a rotation Shaft provided 
rotatably on a Support member via a bearing, a fixed pulley 
disk integrated with the rotation Shaft, a movable pulley disk 
provided non-rotatably but movably in an axial direction on 
the rotation shaft to be opposite to the fixed pulley disk, and 
a ball Screw mechanism including a Screw cylinder provided 
on an Outer circumference of the rotation shaft and a nut 
member provided on an Outer circumference of the Screw 
cylinder, wherein as the nut member rotates with respect to 
the Screw cylinder, the nut member moves in an axial 
direction of the screw cylinder to drive the movable pulley 
disk in the axial direction, thereby varying a pulley width 
between the fixed pulley disk and the movable pulley disk, 

wherein the pulley width adjusting device further com 
prises: a stopper pin inserted through the Screw cylinder 
from an end Surface of a circumferential wall thereof to an 
other end Surface, having an end portion projecting from an 
end Surface of the Screw cylinder and an other end portion 
projecting from the other end Surface of the Screw cylinder; 
and a stopper projection that rotates together with the nut 
member, and one end portion of the Stopper pin forming 
rotation inhibiting means for inhibiting rotation of the Screw 
cylinder when it engages with the Support member, and the 
other end of the Stopper pin forming excessive fastening 
preventing means for regulating a rotation range of the nut 
member when it abuts against the Stopper projection as the 
nut member rotates by a predetermined amount. 
With the present invention, which has a simple mecha 

nism in which the Stopper pin, which functions as the 
rotation inhibiting means and excessive fastening preventing 
means, is engaged with a Support member Such as the 
transmission case, it is possible to easily fix the crew 
cylinder to the Support member at a high efficiency. 
Therefore, the cost for the ball Screw mechanism is reduced 
and the mechanism can be assembled at a high efficiency. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a croSS Section of a pulley width adjusting device 
for a continuously variable transmission, according to an 
embodiment of the present invention; and 
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FIG. 2 is a cross section of a main part of the pulley width 
adjusting device for a continuously variable transmission, 
shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A pulley width adjusting device according to an embodi 
ment of the present invention will now be described with 
reference to accompanying drawings. 

FIG. 1 illustrates a pulley 3 for a belt-type continuously 
variable transmission, which includes a fixed pulley disk 1 
and a movable pulley disk 2. An endless belt 4 is put acroSS 
the pulley 3. 

The pulley 3 includes a rotation shaft 5. Both end portions 
of the rotation shaft 5 are rotatably supported by a trans 
mission case 6 that Serves as a Support member via bearings 
7 and 8, respectively. 

The fixed pulley disk 1 is formed to be integrated with the 
rotation shaft 5. The movable pulley disk 2 is set to face the 
fixed pulley disk 1. The movable pulley disk 2 is provided 
on an outer circumference of the rotation shaft 5 to be 
non-rotatable but movable in the axial direction of the 
rotation shaft 5. 

In more detail, the movable pulley disk 2 includes a fit 
hole 9 at its central portion. The fit hole 9 is slidably fit with 
the rotation shaft 5. At a part of a circumferential surface of 
the fit hole 9, a key groove 10 that extends in its axial 
direction is formed. On the circumferential Surface of the 
rotation shaft 5, a key 11 is mounted along its axial direction. 
The key 11 is slidably fit with the key groove 10. With this 
Structure, the movable pulley disk 2 is Supported to be 
movable in the axial direction of the rotation shaft 5 but not 
rotatably in relative to the rotation shaft 5. 

The bearings 7 and 8 that support the rotation shaft 5 are 
fixed as they are fit inside fit recess portions 6a and 6b 
formed in the transmission case 6. 

One of the fit receSS portions formed in the transmission 
case 6, namely, receSS portion 6a, is defined by a Space 
inside a projecting portion 12 formed in a ring shape as 
shown in FIG. 2. A notch portion 13 is formed in a part of 
the projecting portion in its circumferential direction. 
A ball screw mechanism 15 is provided between the 

movable pulley disk 2 and the transmission case 6. The ball 
Screw mechanism 15 Serves as an actuator that moves the 
movable pulley disk 2 in the axial direction. The ball screw 
mechanism 15 includes a screw cylinder 16, a nut member 
17 and a plurality of balls 18 serving as rolling elements. The 
Screw cylinder 16 is coaxially placed on the outer circum 
ference of the rotation shaft 5. An end portion of the screw 
cylinder 16 is fit with the bearing 8. 

The nut member 17 is coaxially placed on the outer 
circumference of the screw cylinder 16. Helical ball screw 
grooves 16a and 17a are formed in an inner circumferential 
Surface of the nut member 17 and an outer circumferential 
surface of the screw cylinder 16, respectively. The balls 18 
are rollably loaded between the ball screw grooves 16a and 
17a. The balls 18 are arranged along the ball screw grooves 
16a and 17a. With this structure, as the nut member 17 is 
rotated, each of the balls 18 rolls along the ball screw 
grooves 16a and 17a and the nut member 17 moves in the 
axial direction of the screw cylinder 16. 
The ball screw groove 16a of the screw cylinder 16 is 

formed to have a helical length for two or more pitches. On 
the other hand, the ball screw groove 17a of the nut member 
17 is formed to have a helical length for one pitch. A 
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4 
deflector 20 is provided on a part of the circumferential 
Surface of the nut member 17 in order to make the balls 18 
circulate endlessly. The deflector 20 serves to endlessly 
circulate the balls 18 that roll along the ball screw groove 
17a for one pitch of the nut member 17 by returning them 
from one end portion of the ball screw groove 17a to the 
other end portion. 
The deflector 20 is made of a resin formed with injection 

mold or of a Sintered metal. A flange 20a is formed in an 
inner edge of the deflector 20. A fit hole 21, which is 
designed for the deflector 20, is formed at a part of the 
circumferential Surface of the nut member 17. The deflector 
20 is fit into the fit hole 21 from inside of the nut member 
17 and thus it is fixed to the nut member 17. The flange 20a 
of the deflector 20 is set to abut against the inner circum 
ferential Surface of the nut member 17. 

AS described above, the ball screw mechanism 15 has a 
deflector type ball Screw mechanism of a single thread and 
a single row. Therefore, the ball screw mechanism 15 is 
made compact in the measurements in the axial direction, 
and is able to allow a Slight inclination between the Screw 
cylinder 16 and the nut member 17. The ball screw mecha 
nism 15, with Such a structure, is advantageous for the 
moment load acting on the pulley 3. 
The nut member 17 of the ball Screw mechanism 15 is 

mounted to the movable pulley disk 2 via a bearing 25 and 
a bearing holder 26. AboSS portion 2a is formed at a center 
portion of a rear Surface of the movable pulley disk 2. The 
bearing 25 is provided on an outer circumference of the boSS 
portion 2a. 
The bearing 25 includes an inner race 25a, an outer race 

25b and a plurality of balls 25c rollably loaded between the 
inner race 25a and outer race 25b. The inner race 25a is fixed 
to the outer circumference of the boSS portion 2a of the 
movable pulley disk 2 as it is fit therewith. 
The bearing holder 26, which has a cylindrical shape, is 

provided between an outer circumferential Surface of the 
outer race 25b and an inner circumferential Surface of one 
end portion of the nut member 17. A pair of projecting 
portions 28 are formed on the Outer circumferential portion 
of the bearing holder 26 Such as to be located on opposite 
sides to each other with respect to the rotation shaft 5. A pair 
of receSS portions 29 that respectively correspond to the 
projecting portions 28 are formed on an end Surface of the 
nut member 17. The projecting portions 28 are respectively 
fit into the recess portions 29. As they fit, the bearing holder 
26 is inhibited from rotating with respect to the nut member 
17. Therefore, the nut member 17 and the bearing holder 26 
can be rotated together. 
The nut member 17 and the bearing holder 26 are Sup 

ported rotatably by the movable pulley disk 2 with the 
bearing 25. Further, the nut member 17 and the bearing 
holder 26 can be moved together with the movable pulley 
disk 2 in the axial direction of the rotation shaft 5. 
A ring-like collar 30 that projects to the inner side of the 

bearing holder 26 is formed on the inner circumferential 
portion of the bearing holder 26. One side surface of the 
collar 30 is brought into contact with an end surface of the 
outer race 25b of the bearing 25. A stopper projection 31 is 
formed at a portion of the other side surface of the collar 30. 
The Stopper projection 31 extends towards the Screw cylin 
der 16. 

An insertion hole 32 is formed in a part of the circum 
ferential wall of the screw cylinder 16 Such as to pierce 
through from one end surface 16a of the cylinder 16 to the 
other end surface 16b. A stopper pin 33 is inserted to the 
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insertion hole 32. The Stopper pin 33 is a Spring pin made of, 
for example, a metal pipe, and a slit 33c (shown in FIG. 2) 
is made along its axial direction. AS the Stopper pin 33 is 
inserted to the insertion hole 32 while reducing its diameter, 
and thus it is fixed to the insertion hole 32 due to the elastic 
restoration force of the stopper pin 33 itself. 

The stopper pin 33 has both end portions 33a and 33b. 
The stopper pin 33 is inserted to the insertion hole 32 Such 
that the both end portions 33a and 33b project respectively 
from the end Surfaces 16a and 16b of the screw cylinder 16. 
One end portion 33a of the stopper pin 33, that projects from 
one end surface 16a of the screw cylinder 16 is inserted to 
the notch 13 formed in the transmission case 6 as shown in 
FIG. 1 and FIG. 2. 
As the end portion 33a of the stopper pin 33 is inserted to 

the notch 13, the screw cylinder 16 and the transmission case 
6 are engaged with each other. In this manner, the Screw 
cylinder 16 is inhibited from rotating with respect to the 
transmission case 6, and the rotation shaft 5 running through 
the inside of the screw cylinder 16 can rotate with respect to 
the screw cylinder 16. 
A projecting portion 34 is formed on the inner circum 

ferential Surface of the screw cylinder 16. The other end 
portion 33b of the stopper pin 33 projects from the other end 
surface 16b of the screw cylinder 16. As the end surface of 
the end portion 33b abuts against the projecting portion 34, 
the stopper pin 33 is inhibited from moving with respect to 
the screw cylinder 16 in the axial direction. 

The end portion 33b of the stopper pin 33 is placed at a 
position corresponding to that of the Stopper projection 31 
formed on the bearing holder 26. As the nut member 17 
provided on the outer circumferential side of the Screw 
cylinder 16 is rotated with respect to the screw cylinder 16, 
the nut member 17 is moved in the axial direction of the 
screw cylinder 16. When the nut member 17 is moved by a 
certain distance in the direction away from the fixed pulley 
disk 1, the Stopper projection 31 abuts against the side 
surface of the end portion 33b of the stopper pin 33. In this 
manner, the nut member 17 is inhibited from further 
rotating, and thus a So-called excessive fastening by the nut 
member 17 can be prevented. 
A drive gear 36 that uses, for example, a spur gear is 

provided on an outer circumferential portion in a middle 
portion of the nut member 17. Since a rotational force of a 
drive Source Such as a motor is transmitted to the nut 
member 17 by means of the drive gear 36, the nut member 
17 can be rotated in both of clockwise and counter 
clockwise directions. 

The stopper pin 33 is inserted to the insertion hole 32 of 
the screw cylinder 16 from one end surface 16a of the screw 
cylinder 16 until it abuts against the projection 34 before 
mounting the pulley 3 to the transmission case 6. In the 
above-described State, the pulley 3 is mounted to the trans 
mission case 6. AS the pulley 3 is mounted, one end portion 
33a of the stopper pin 33 is inserted to the notch portion 13 
of the transmission case 6. In this manner, the Stopper pin 33 
is Set at a desired position. Further, Since the movement of 
the Stopper pin 33 in the axial direction is regulated by the 
projection 34 and the wall surface of the notch portion 13, 
the falling-off of the stopper pin 33 can be prevented. 

Next, the operation of the continuously variable transmis 
sion of the above-described embodiment during shifting will 
now be described. FIG. 1 illustrates a state where the 
distance between the pulley diskS 1 and 2, that is, the pulley 
width is at the largest. At this State, the Stopper projection 31 
abuts against the side surface of the end portion 33b of the 
Stopper pin 33. 
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From this state, as the nut member 17 is rotated in a 

clockwise direction (the first direction) by the drive source, 
the nut member 17 moves in the direction towards the fixed 
pulley disk 1 via the balls 18 together with that rotation. The 
balls 18 are inserted between the screw groove 17a of the nut 
member 17 and the screw groove 16a of the screw cylinder 
16. As the nut member 17 moves towards the fixed pulley 
disk 1, the movable pulley disk 2 moves together with the 
nut member 17 in the axial direction of the rotation shaft 5. 
Therefore, the distance between the pulley disks 1 and 2 
(that is, the pulley width) is narrowed. 
On the other hand, when the nut member 17 is rotated in 

the counter-clockwise direction (the Second direction), the 
nut member 17 moves in the direction away from the fixed 
pulley disk 1 via the balls 18. When the nut member 17 
moves in this direction, the movable pulley disk 2 is moved 
together with the nut member 17 in the direction away from 
the fixed pulley disk 1 by a pressure force of the endless belt 
4. Thus, the distance between the pulley disks 1 and 2 is 
expanded. 
When the nut member 17 is rotated in the second direction 

and the nut member 17 is distant from the fixed pulley disk 
1 by a predetermined amount, the Stopper projection 31 
abuts against the side surface of the end portion 33b of the 
stopper pin 33. Due to this abutment, the nut member 17 is 
inhibited from further rotating, and thus the excessive fas 
tening of the ball screw mechanism 15 can be prevented. 
As the pulley width varies as described above, the endless 

belt 4 displaces in a radial direction of the pulley 3. Thus, the 
transmittal ratio of the rotation transmitted from the primary 
pulley of the driving Side to the Secondary pulley of the 
driven side via the endless belt 4 varies in a stepleSS manner. 
As the end portion 33a of the stopper pin 33 is inserted to 

the notch portion 13 formed in the transmission case 6, the 
screw cylinder 16 of the ball screw mechanism 15 is 
inhibited from rotating with respect to the transmission case 
6. Therefore, it is not necessary to form a fit margin at the 
end portion of the Screw cylinder for press-fit as in the 
conventional case. For this reason, the Screw cylinder 16 can 
have a simple and Small Structure, thereby making it possible 
to lower the cost. Further, when assembling the ball screw 
mechanism 15 to the transmission case 6, it is no longer 
necessary to carry out Such a laborious operation that the end 
portion of the Screw cylinder is press-fit into the receSS 
portion of the transmission case while Setting it on the 
bearing as in the conventional technique. In other words, 
according to this embodiment, merely by inserting the end 
portion 33a of the stopper pin 33 into the notch portion 13 
of the transmission case 6, the screw cylinder 16 is fixed to 
the transmission case 6. In this manner, the ball Screw 
mechanism 15 for continuously variable transmission can be 
easily assembled at a high efficiency. 
AS described above, the Stopper pin 33 functions as means 

for Stopping the rotation of the Screw cylinder 16, and 
further the Stopper pin 33, in cooperation with the Stopper 
projection 31, functions as means for preventing the exces 
sive fastening of the ball screw mechanism 15. In other 
words, the Single Stopper pin 33 Serves as a member for 
Stopping the rotation of the Screw cylinder 16 and a member 
for preventing the excessive fastening of the ball Screw 
mechanism 15 at the same time. Therefore, the number of 
parts used in the mechanism is reduced, and accordingly the 
product cost is lowered. 

It should be noted that in the embodiment, the nut member 
17 and the bearing holder 26 are made of separate 
components, but the nut member 17 and the bearing holder 
26 may be formed as an integrated member. 
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The pulley width adjusting device of the present invention 
can be applied not only to a belt-type continuously variable 
transmission employed in automobiles or industrial 
machines, but also it can be applied to a belt-type continu 
ously variable transmission employed in various types of 5 
machines. 
What is claimed is: 
1. A pulley width adjusting device for a continuously 

variable transmission, comprising: 
a rotation shaft provided rotatably on a Support member 

via a bearing; 
a fixed pulley disk integrated with the rotation shaft; 
a movable pulley disk provided non-rotatably but mov 

ably in an axial direction on the rotation Shaft to be 
opposite to the fixed pulley disk; and 

a ball Screw mechanism including a Screw cylinder pro 
Vided on an outer circumference of the rotation shaft 
and a nut member provided on an Outer circumference 
of the Screw cylinder, wherein as the nut member 
rotates with respect to the Screw cylinder, the nut 
member moves in an axial direction of the Screw 
cylinder to drive the movable pulley disk in the axial 

1O 
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direction, thereby varying a pulley width between the 
fixed pulley disk and the movable pulley disk, 

wherein the pulley width adjusting device further com 
pr1SeS: 

a stopper pin inserted through the Screw cylinder from an 
end Surface of a circumferential wall thereof to an other 
end Surface, having an end portion projecting from an 
end Surface of the Screw cylinder and an other end 
portion projecting from the other end Surface of the 
Screw cylinder, and 

a stopper projection rotating together with the nut 
member, 

the one end portion of the Stopper pin forming rotation 
inhibiting means for inhibiting rotation of the Screw 
cylinder when it engages with the Support member, and 

the other end of the Stopper pin forming excessive fas 
tening preventing means for regulating a rotation range 
of the nut member when it abuts against the Stopper 
projection as the nut member rotates by a predeter 
mined amount. 


